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Summary

A 50.8-centimeter (20-in.) diameter, single-stage
fan was tested with and without an inflow control
device in the NASA Lewis Research Center an-
echoic chamber. In this report, an alternative ap-
proach to inflow control devices is presented for
obtaining sound pressure levels with reduced
random turbulence effects. This alternative, a
signal-processing technique called coherence
analysis, was applied to tape-recorded microphone
data.

During the test, fan speed was varied between
9000 and 17 000 rpm, and measurements were
taken over the inlet quadrant sound field. Sound
pressure data were obtained both from fixed far-
field microphones and from a moving survey
microphone. The component of the sound pressure
that was coherent with the fan rotor speed, the co-
herent sound pressure, was determined by using a
digital signal processor and was studied as a func-
tion of fan speed and microphone position.

In determining the effectiveness of the coherence
analysis technique, the levels of tone sound power
measured with the inflow control device and the
levels obtained by coherent processing were com-
pared with the levels obtained during baseline static
operation. At subsonic speeds, for which the rotor-
stator and rotor-alone noise sources were cut off,
the inflow control device reduced the blade-passing-
frequency (BPF) tone power level by about
6 decibels from the baseline level. Coherent proc-
essing reduced the tone level by about 11 decibels
from the baseline level. A combination of coherent
processing and inflow control reduced the power
level by about 13 decibels at these subsonic speeds.
When the rotor noise sources were cut on, coherent
processing reduced BPF levels by a few decibels,
but inflow control had a negligible effect.

Plots of coherent sound pressure level as a func-
tion of inlet angle clearly indicated lobe patterns at
all speeds. Differences between the directivity pat-
tern maximum and minimum ranged to 20 decibels.
As the fan rotor-alone noise source was cut on at
about 13 000 rpm, the differences between the co-
herent pressure levels and the total pressure levels
became less. As speed was increased, the coherent
and total pressure levels converged, beginning at
the 90° angle and gradually extending forward to
the other inlet angles.

Variations in BPF tone were observed and
studied as a function of time. By means of contin-

uous averaging and coherent processing, the
coherent component of the measured sound pres-
sure was determined and plotted against time for
each fixed microphone. Two similar test runs were
compared and found to have different sound pres-
sure directivity patterns when averaged with
3-second integration times and the same sound
pressure directivity pattern when averaged with
200-second integration times.

Introduction

In the last few years, many fan noise studies
have focused on understanding the role of inlet tur-
bulence and flow distortions in setting the observed
sound pressure levels (refs. 1 to 6). The level of the
blade-passing-frequency (BPF) tone generally deter-
mines the overall fan noise level, and this level can
vary by several decibels depending on the partic-
ulars of the operation. To reduce the BPF level to
that which might be expected during actual flight,
inflow control techniques such as honeycomb
screen devices, support-structure cleanup, and
augmented airflow past the nacelle have been used
(refs. 2, 6, and 7). Little information has been
derived, unfortunately, on the exact effect of these
flow modifications on the fan noise sources. The
usual and simplest comparison between baseline
and alternative configurations is the difference be-
tween measured sound pressure levels (SPL). This
method of analysis, however, gives only a figure of
merit for a particular change in operating config-
uration.

The present study attempts to obtain additional
information. The coherence function can be used
to reject from the signal the component of fan
noise due to random flow disturbances and conse-
quently to permit a more detailed study of the
deterministic noise sources due to synchronous
interaction of the blades with flow-field distur-
bances. To demonstrate the usefulness of the
coherence analysis, the signal-processing technique
was applied to data obtained during testing of a
50.8-centimeter (20-in.) diameter fan. This fan was
operated over a range of speeds in an anechoic
chamber at the NASA Lewis Research Center. Dur-
ing this study the fan was operated with an inflow
control device designed to reduce inflow distur-
bances. The results from this configuration with
inflow control as well as those from a baseline con-
figuration (without inflow control) are presented.



Theory

To estimate the amount of change in fan noise
caused by a change in fan inflow conditions, a pro-
cedure other than simple subtraction of measured
sound levels is desirable. Another approach in ana-
lyzing fan noise would be to separate the measured
tone levels into two components. One component
results from short-time turbulent or random inflow
disturbances interacting with a fan rotor, perhaps
at a variable position. The second component
results from interactions with fixed, spatial, mean
flow variations. This deterministic rotor component
may be caused by interactions either between the
mean rotor wakes and the stators or the down-
stream struts or between the rotor and fixed inlet
distortions. All these mechanisms produce sounds
of the same frequencies. The task, then, is to
separate the far-field-tone sound pressure levels
into deterministic (synchronously coherent) and
random components.

Measured far-field sound pressures were sep-
arated by using coherence analysis to obtain
coherent power spectra. As the name implies, this
function compares two varying signals in terms of
their similarity, or coherence. The two signals used
in this application were a rotor speed pulse and a
far-field microphone signal. After a period of time
averaging it would be expected that the pressure
component that was coherent, or at a relatively
constant phase angle with respect to the rotor
angular position, would remain. The pressure com-
ponent that was due to interaction with unsteady
flow would be expected to continuously decrease
with successive coherent averaging.

The mathematical representation of ordinary
coherence [7,0,2()‘)] as a function of frequency is
(ref. 8)
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which yields a value between 0 and 1. The cross
spectral density function |Gy, (f)|? is normalized by
dividing it by the product of the two individual
spectra Gx(f) and G, (f). The coherence is 0 if x
and y are unrelated and 1 if x and y are linearly
related. At intermediate values of coherence, x and
» are not linearly related or there are unaccounted-
for additional inputs or outputs.

A useful application of coherence is the com-
putation of the coherent spectrum. This is done by
multiplying the coherence by the SPL spectrum to
compute the coherent SPL spectrum; that is,
CSPL=10logjg [xy2(NG,(NI2]. In the present

application, the coherence between fan speed and
microphone pressure was multiplied by the micro-
phone SPL spectrum to produce those values of
sound pressure due to the fan sources that were
correlated with fan rotation. The difference be-
tween this value and that of the customarily
obtained SPL spectrum is presumed to be the ran-
dom tone component that results from interaction
between the fan rotor and random flow distur-
bances.

A number of processing parameters were
involved in obtaining the coherent spectrum level.
Among these parameters were filter bandwidth,
averaging time, number of samples, and delay
times between the two signals. Because the
microphone data were random, the choice of proc-
essing parameters influenced the estimates of spec-
tral values. One objective in coherent processing is
to choose the processing parameters so that
reasonable statistical confidence is obtained. The
previously mentioned processing parameters are ex-
amined here for their effects on the coherence
results.

Delay time is discussed first. In the situation
studied, the source event was the interaction be-
tween the fan rotor and the pressure and flow
fields in its vicinity. The sound radiated from this
continuous process appeared at the far-field
microphones after an appropriate sound propaga-
tion or delay time. For the digital processing that
was used to obtain coherence, the two channels of
information were divided into sequential blocks
that were subsequently processed. For optimal
results the two data blocks that are compared
should be synchronized with respect to the event
taking place. By delaying the rotor speed signal by
the propagation time, this requirement was satisfied
for the reported results. If it were not satisfied, the
results would be somewhat lower than they should
have been. This bias error factor can be estimated
(ref. 9) as approximately [1 — (7oger/ Tsampie)]?
where 7,475, is the sound propagation time dif-
ference in the data channels and Tggppe is the time
length of the data evaluated in an single block or
average.

A variation in fan speed can also cause errors
and increase uncertainty. Because of the fixed fre-
quency resolution of the coherence or coherent
spectrum analyses, a given fan-tone frequency will
be analyzed in a particular filter with bandwidth
Af. If the speed variations are large enough, this
particular bandwidth Af may not be sufficient, and
the tone will sometimes appear in adjacent filter
bands. Consequently, over long periods of time,
large variations in tone frequency result in a bias
error that reduces the value of the coherence in the



frequency band containing the average tone fre-
quency.

The number of samples that are taken together
to form the average coherence has a strong in-
fluence on the quality of the result. A single sample
has a coherence of 1 at all frequencies (ref. 8,

p. 195). As the number of averages is increased,
the coherence for linearly unrelated data ap-
proaches zero. Linearly related data, at those
frequencies at which they are related, can be proc-
essed to approach the true value of coherence after
greater averaging. The estimated coherence range is

approximately
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where n is the number of degrees of freedom (twice
the number of independent samples) (ref. 10).
Table I (from ref. 11) contains more exact values
for the 90 percent confidence limits over which the
coherence and the coherent spectrum will vary for
a given number of averages and a given level of
measured coherence. (The values for the coherent
spectrum in table I(b) assume negligible errors in
the original spectrum.)

As shown by either the approximate expression
or the table, the measured coherence value itself
influences the confidence limits; lower values of co-
herence are particularly uncertain. The bandwidth
of the tone filtering has a direct bearing on this
uncertainty. Larger bandwidths include not only
the tone, but increasing amounts of noise at fre-
quencies around the tone frequency. Because the
fan noise is compared with the fan speed harmon-
ics through the speed signal, the additional noise at
non-speed-related frequencies that would be in-
cluded within a larger bandwidth directly reduces
the coherence level. The corresponding level of the
coherent spectrum is not necessarily reduced by this
reduction of coherence level since the spectrum
level in the filter band becomes correspondingly
larger with the larger bandwidth. However, the
confidence limits around the estimated value of the
coherent spectrum do become greater. Figure 1
displays a number of coherence measurements ob-
tained by processing BPF fundamental tone data
from a particular microphone. Data taken at two
speeds are displayed—data taken at less than the
fan rotor-alone cuton speed (fig. 1(a)), and data
taken at greater than the cuton speed (fig. 1(b)). In
both cases, as the bandwidth was decreased, the co-
herence approached its true value, and the scatter
in the measured values became less.

The last source of inaccuracy to be considered
affects only the survey microphone. Inherent in the

presentation of survey-microphone coherent pres-
sure as a function of microphone angle is an error
in spatial resolution. To obtain a continuous curve
of pressure against angle, the data were continu-
ously averaged. There was a resulting angular off-
set in the survey coherent tone directivity that can
be compensated for by simply shifting the pattern
by a few degrees. The smoothing of the pattern
features cannot be compensated for, except by less
averaging, which reduces the confidence level of
the coherence estimate. The extent of the distortion
due to smoothing, though probably not serious, is
unknown. Since the low coherence values of the
pattern minimums are particularly uncertain, im-
provement in spatial resolution would be difficult.

Procedures

Data were processed on a commercial two-
channel digital signal processor. This unit has a
resolution of 500 frequency points, with Kaiser-
Bessel time weighting. In processing, the micro-
phone pressure signal was delayed by the
propagation time, filtered, and then multiplied by
the filtered fan speed signal to derive the averaged
cross-spectrum. This cross-spectrum was normaliz-
ed by dividing by the product of the two averaged
spectra to obtain the coherence. A total of 256
averages was generally used. The processing option
chosen multiplied the coherence function by the
sound pressure spectrum to compute the coherent
SPL spectrum.

The fixed microphones were analyzed for coher-
ence with frequency bandwidths of approximately
80 hertz, which generally was sufficient to contain
excursions in tone frequency, at least for the fun-
damental BPF tone. Data from a moving (survey)
microphone were processed by using bandwidths of
20 hertz for the blade passing frequency and 40
hertz for the second harmonic of the blade passing
frequency (2BPF). In some instances, the filter
widths for the survey microphone were not large
enough; when that happened, the analysis was
repeated for several filter bands and the final result
for the coherent tone level was the maximum value
at or near the nominal tone frequency. These par-
ticular selections of filter bandwidths were com-
promises between minimizing data scatter (fig. 1)
and minimizing bias error due to speed variations
during the averaging times that caused the tone fre-
quency to vary between bands.

Equipment

Coherent processing was applied to data that
were tape-recorded during fan tests in the Lewis
anechoic chamber. The fan tested (ref. 12) was a



50.8-centimeter (20-in.) diameter, single-stage fan
driven by a 7000-horsepower electric motor. The
fan stage had 28 rotor blades and 59 stator vanes.
Designated QF-12, this fan was tested from 9000 to
12 000 rpm, both with and without the inflow con-
trol device described in reference 2. Views of the
fan inlet with and without the device are presented
in figure 2.

The microphones used to obtain the pressure
data were 0.62-centimeter (0.25-in.) diameter con-
denser microphones. Fixed-position microphones
were located on a 7.6-meter (25-ft) radius arc
around one inlet quadrant, on 10° spacing incre-
ments. The survey microphone moved along a
similar arc, traversing the quadrant in approxi-
mately 200 seconds.

The speed signal with which the sound pressure
was compared was a short pulse occurring once
every revolution. Because of the narrowness of
these fan speed pulses, there were harmonics at
each multiple of the shaft passing frequency (SPF)
(fig. 3). This spectrum feature of many harmonics
permitted the coherence to be evaluated through
many multiples of the revolution rate.

Results and Discussion

The results obtained during this study primarily
concern the fan’s blade passing frequency. Data
were obtained, with and without inflow control, at
50, 60, 70, 75 (inflow control only), 80, and 90
percent of design speed. Microphones at fixed loca-
tions from 0° to 90° in 10° increments and a
microphone that traversed this arc provided the
sound pressure information.

The effect of coherent processing on the sound
power spectrum is discussed first. The far-field
pressure lobe patterns that existed around the inlet
and their time variation are described later.

Sound Power Spectrum

Figures 4 to 8 present the sound power levels as
a function of frequency for speeds of 50, 60, 70,
80, and 90 percent of design speed (corresponding
to 9300, 11 100, 13 000, 14 900 and 16 800 rpm,
respectively). The two upper curves of each figure
represent the fan’s sound power levels for opera-
tion in its baseline (standard) operating configura-
tion and for operation with inflow control. The
two bottom curves represent the coherent sound
power levels for these same two configurations.
The sound power levels were computed by adding
the power contributions from all 10 fixed micro-
phones located in the fan inlet quadrant. The
greatest levels on these curves occur at the blade
passing frequencies of the five speeds (~ 4300,

5100, 6000, 6900, and 7700 Hz). The small shifts in
frequency between spectra at a particular speed are
due to fan operation at corrected, rather than
actual, speeds.

Particularly obvious in this series of figures is the
large difference between the coherent power levels
and the total power levels. In processing the data
to obtain the coherent spectra, many coherent
samples were averaged together. This averaging
caused the reduction in random broadband levels.
The reduction is a consequence of the lack of con-
sistent phase agreement between the broadband”
sound pressure and the fan speed. Averaging re-
duced the incoherent levels by 10 log N decibels
(ref. 13), where N =256 is the number of averages
used in the present analysis. Thus the incoherent
component was in this case reduced by about 24
decibels.

The blade passing and other shaft frequency
multiples became more obvious in the coherent
presentation since the large reduction in the inco-
herent broadband components accentuated the
steady-phase fan interaction components. The re-
maining large scatter in the broadband levels after
coherent processing reflects the large random error
or uncertainty at these very small (<0.05) coher-
ence values.

The small differences in coherent tone levels,
with and without inflow control, are due partly to
the uncertainty just mentioned and partly to varia-
tions that are discussed later. It was concluded that
the coherent levels were hardly affected by the in-
flow control.

At the two highest speeds, 80 and 90 percent of
design speed, multiple pure tones were present
because of the cuton (ref. 14) of the rotor-alone
pressure field. At the lower speeds the spectra
changed only slightly from speed to speed. Between
70 and 85 percent of design speed both the rotor-
alone noise source and the rotor-stator source at
the blade passing frequency began to contribute,
and these source contributions can be seen in the
coherent power. The rotor-alone source was a
result of the blade tips rotating at supersonic speed
(~345 m/sec (1140 ft/sec) at 80 percent speed).
Rotor-alone noise began to propagate at about 77
percent of design speed, the rotor-stator noise for
the fundamental at about 85 percent speed. Finally,
some blade shocks added to the level of several
SPF harmonics. The net effect of these sources was
an increase of about 15 decibels in the coherent
spectral levels between 70 and 80 percent of design
speed.

At the 90 percent speed (fig. 8) the coherent
spectrum and the total spectrum are even closer in
level than at 80 percent speed (fig. 7), particularly
because the many coherent SPF multiples were



greatly increased. One other difference between
speeds was that the levels of the BPF tone and its
harmonics were lower at 90 percent speed than at
80 percent.

The preceding BPF tone results are summarized
in figure 9, which presents the relative power level
results from survey-microphone data. The reference
for each point is the baseline data at each speed.
Inflow control reduced power levels by 6 decibels
at low speeds and somewhat less at higher speeds.
The relatively positive 80-percent-speed point is
probably an error in the baseline due to baseline
unsteadiness. Coherent processing of the baseline
data reduced the calculated power levels approx-
imately 5 decibels below the inflow control levels,
for a total reduction of 11 decibels from the base-
line level. Coherent processing reduced the inflow
control levels by 6 decibels at subsonic speeds and
by 2 decibels at 80 percent speed and higher. Judg-
ing from the data at 80 and 90 percent speed, the
relative amount of randomness in the tone became
small enough that either coherent processing or in-
flow control was effective in reducing the tone to
its coherent component.

Figure 10 presents the actual power levels for the
fan’s blade passing and second harmonic frequen-
cies. Results are presented for these data after
coherent processing on both the baseline testing
and the testing with the inflow control device.
These data, as well as those of the previous figure,
were taken from survey-microphone results, not
from the originally displayed power spectrum re-
sults from fixed microphones. The values of sound
power from fixed and survey microphones are
similar; but, because of directivity pattern
minimums, the fixed-microphone results may ap-
pear erratic when a minimum coincides with a
measurement location.

The data of figure 10 suggest that before cuton
the coherent BPF tone increased approximately as
the 6th power of the tip speed. As cuton was at-
tained, the tone level increased quickly by almost
20 decibels over a 10-percent-speed range and then
subsequently leveled off. The second harmonic, al-
ready cut on at low speeds, increased at the same
approximately 20-decibel-per-octave slope through-
out much of the speed range. As did the BPF tone,
the 2BPF tone increased significantly at 80 percent
speed, although the increase (due only to a rotor-
alone contribution) was about half that of the
BPF.

From the coherent power level trends with speed,
some confirmation of the present understanding of
fan noise sources is possible. The rotor-alone
source is the only mechanism that can account for
both the BPF and 2BPF tone increases. The BPF
tone has the additional rotor-stator interaction

source, which cuts on at about 85-percent speed
and allows additional sound power to be generated
and to propagate from the fan above that speed.

For these observations, coherent processing was
particularly useful in uncovering the details of the
power trends. The total power levels tend to vary
too little with speed to enable any clear statements
about the generated fan noise.

Directivity Pattern

Coherent processing shows the sound pressure to
be spatially radiated in a clearly lobed pattern.
Directivity patterns of the fan’s BPF tone are
presented at this point, and some of their char-
acteristics are noted.

Figures 11 to 15 illustrate the survey-microphone
BPF tone directivity patterns for 50, 60, 70, 80,
and 90 percent of design speed. As before, the fan
was operating in either its baseline or inflow con-
trol configuration. On each figure there are three
curves. The upper curve is the directivity pattern of
the BPF tone for the baseline configuration. The
middle curve is the directivity pattern of the BPF
tone with the fan operating with the inflow control
device. The lower curve is the coherent BPF direc-
tivity pattern obtained from the baseline data. The
value of the coherence itself for the lower curve
data typically ranges from 0.05 to 0.25. This frac-
tion, when multiplied by the total sound pressure
level of the blade passing frequency, as indicated
by the upper curve, results in a value of coherent
sound pressure approximately 5 to 20 decibels less
than the total of coherent and incoherent compo-
nents. The low-speed reductions in level obtained
by simply operating the fan with inflow control to
reduce turbulence are rather independent of angle.
Judging from the level of the inflow control curve,
in relation to the coherent data curve, there seems
to be good confirmation of the common under-
standing that reducing inflow turbulence reduces a
random component of the BPF tone.

On examination of the coherent data, it is
evident that pressure lobes exist at all speeds, re-
gardless of whether rotor-alone or rotor-stator
sound generation modes are propagated. As
previously noted, these curves, rather than the
fixed-microphone data, were used to obtain the
power results in figures 9 and 10. The poorer
angular resolution of the fixed microphones makes
it difficult to properly detect these pressure lobes.
The lobes generally have widths of only about 20°,
with minimum values approximately 10 decibels
less than the maximum values.

As was the case for the power curves (figs. 4 to
6), the 50-, 60-, and 70-percent-speed pressure data
(figs. 11 to 13) show a clear division between base-



line, inflow control, and coherent baseline curves.
For the 80- and 90-percent-speed pressure data
(figs. 14 and 15), some crossovers do occur. The
coherent baseline, by definition, is always a value
less than, or equal to, the baseline value. The
inflow control data, however, do not always fall
between the limits of the baseline and coherent
baseline data at the 80 and 90 percent speeds. In
addition to this difference for the inflow control
configuration data, at 90 percent speed, the inflow
control directivity pattern seems to differ from that
of the baseline data. One reason for this difference
is a BPF-tone time variation.

This time variation is demonstrated in figure 16,
where the directivity patterns for the coherent BPF
tone level are compared for two 90-percent-speed
runs. The fan was operated in its baseline config-
uration, and the data from the two runs were
recorded within a minute of each other so that the
speed setting was not changed. So that the relative
confidence level of these data can be appreciated,
the 90 percent confidence levels (from table 1) sur-
rounding these data have been included. Although
the data for the two runs may be the same at some
angles, it is apparent that the directivity patterns
are different.

Time histories for these two 90-percent-speed,
baseline-condition runs are presented in figure 17.
These coherent BPF tone data are continuous
3-second averages from fixed-position micro-
phones, 0° to 90°, with each angle’s data offset by
15 decibels to avoid confusion. Time and SPL
scales are indicated for the series of curves. These
time histories demonstrate long-term variations of
several decibels, over periods of 1 to 2 minutes.
This figure suggests strong similarities between the
results for adjacent microphones, particularly for
0° and 10° as one group and 60° to 90° as
another. These particular angles form lobes in the
far-field pressure, as indicated by the directivity
curves of figures 15 and 16. Fairly long-term varia-
tions, or amplitude modulations in the pressure
level, as illustrated in figure 17, would cause dif-
ferences in the levels and apparent widths of the
pressure lobes as a function of time. These changes
would be sufficient to account for the observed
crossover between inflow control and coherent
baseline data of figures 14 and 15. These relatively
long-term pressure variations may be a result of
turbulent eddies in the inflow interacting with the
fan rotor.

The run 243 and run 245 time histories of figure
17 were averaged, and these two runs were again
compared, as shown in figure 18. The only differ-
ences between figure 16 and figure 18 are that the
figure 18 data were obtained from fixed micro-
phones rather than the survey microphone and

were averaged over much longer times—200 sec-
onds rather than about 3 seconds. The good
agreement in figure 18 between the data of the two
consecutive test runs confirms the similarity of the
average directivity patterns for 200-second averag-
ing time.

Another example of the time variation of the co-
herent tone level is presented in figure 19. In this
example, 50-percent-speed, coherent BPF level data
are presented. The format is the same as that of
figure 17. A 2-minute-long variation clearly took
place at the 50°, 60°, and 70° microphone posi-
tions. At about 2 to 2.5 minutes into the record,
the coherence at 60° and 70° became nearly zero
and this caused the low and highly uncertain
coherent pressure levels. As for the 90-percent-
speed data, some uncertainty in the survey-
microphone coherent pressure directivity patterns is
probably due to time variations.

Over short periods of time, the coherent or
rotor-locked component of the blade passing fre-
quency changed by several decibels, as illustrated in
figures 17 and 19. It is interesting that this compo-
nent is not constant with time and that the pattern
of changes seems to hold even for adjacent
microphones. Since the directivity patterns that
correspond to these time-history traces result from
rotor interaction modes, there apparently is no one
particular mode pattern always present. Averaging
over long periods of time reveals a consistent direc-
tivity pattern and the existence of a mean mode
distribution. It is not clear what would account for
the dynamic changes in fan mode distribution and
for similar behavior for cuton (90 percent) and
cutoff (50 percent) speeds. A spatial movement of
an inflow disturbance pattern in the radial or cir-
cumferential direction could produce shifts in
source mode content and account for some of the
observed directivity changes if the observed
pressure lobes were due to mode orders.

Concluding Remarks

In the preceding discussion, applications of the
coherence function to fan noise have been pre-
sented. By computing the coherence between the
sound pressure signal from a far-field microphone
and the speed signal from the fan, the component
of the blade-passing-frequency (BPF) tone due to
steady (spatially fixed) rotor interactions and inter-
actions with very low-frequency flow disturbances
can be determined. This level, given by the coher-
ent power spectrum, approaches the total BPF tone
level at fan speeds greater than the rotor-alone
cuton speed. In addition, the far-field coherent
sound pressure variation with inlet angle shows
distinct lobes 20° to 30° wide that appear to be



modulated in level over periods as long as 2
minutes.

These results were obtained with fan rotational
speed as the reference signal for coherence
computation and frequency domain processing. An
internal sound pressure level could have been used
as an alternative reference signal; but, because that
pressure would itself have been a function of the
fan inflow disturbance pattern, it could not be as
easily used to obtain the synchronous component
of noise. Increased averaging removed higher fre-
quency interactions, thereby converging on steady
rotor-tone noise. Processing as a function of fre-
quency, which isolated tones, was also an advan-
tage in that it permitted the pressure-lobe time
variations to be easily detected.

Some comparison was made between results of
the fan-tone levels from the fan operating with and
without an inflow control device (designed to
reduce inlet turbulence). Sound pressure levels as-
sociated with a fan operated with inflow control
are less than those of a fan operated without in-
flow control and greater than those of the typical
operation after coherent data processing. Since the
coherent tone results are freer of random tur-
bulence effects than the inflow control results, it
would seem possible to simply apply coherent proc-
essing to fan-tone noise data to obtain results that
would approach flyover character. The extent of
the agreement between flyover data and data coher-
ently processed in a static test facility would remain
somewhat a function of the facility because of
possible fixed distortions in a test facility, the ef-
fects of which are not removed by this coherence
technique.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, August 30, 1979,
505-03.
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TABLE I. -~ 90 PERCENT CONFIDENCE LIMITS

(a) On coherence function measured with average of N samples

Number of samples, N

256

Confidence limits

Measured
coherence I )
16 | 32 64 l 128
0.01

.02

.03 0.004-.069
.04 .008-.083
.05 0.004-.118 .013-.097
.06 .008-.132 .019-.111
.07 .012-.146 .025-.123
08 | - 0.003-.192 .017-.160 .032-.136
.09 .005-.206 .022-.173 .039-.148
.10 .008-.220 .028-.185 .046-.160
11 .012-.233 .033-.198 .053-.172
12 .016-.246 .040-.210 .061-.184
A3 e .020-.259 .046-.222 .069-.195
A4 ] e .025-.271 .053-.234 .076-.207
.15 0.003-.333 .030-.283 .060-.245 .085-.218
.16 .005-.345 .035-.295 .067-.257 .093-.229
.17 .008-.357 .041-.306 .075-.268 .101-.240
.18 .011-.369 .047-.318 .082-.279 .110-.251
.19 .014-.380 .053-.329 .090-.290 .118-.262
.20 .018-.392 .060-.340 .098-.301 127-.272
.21 .022-.403 .066-.351 .106-.312 .136-.283
22 .026-.413 .073-.362 .114-.323 .144-.293
.23 .031-.424 .080-.372 .122-.333 .153-.304
.24 035-.435 .088-.383 .131-.344 .163-.314
.25 041-.445 .095-.393 .139-.354 .172-.325
.26 046-.455 .103-.404 .148-.364 .181-.335
.27 .052-.465 .111-.414 .157-.374 .190-.345
.28 .058-.475 .119-.424 .166-.385 .200-.355
.29 .064-.485 .127-.434 .175-.395 .209-.365
.30 071-.494 .135-.444 .184-.405 .219-.375
31 077-.504 .144-.453 .193-.415 .228-.385
.32 084-.513 .152-.463 .202-.424 .238-.395
.33 092-.522 .161-.473 .212-.434 .248-.405
34 099-.531 .170-.482 221-.444 .257-.415
.35 107-.540 .179-.491 .231-.453 .267-.425
.36 115-.549 .188-.501 .241-.463 277-.435
.37 123-.558 .198-.510 251-.473 287-.444
.38 131-.567 .207-.519 .260-.482 .297-.454
.39 139-.576 .217-.528 .270-.492 .307-.464
.40 148-.584 .226-.537 .280-.501 317-.473
41 157-.593 .238-.548 .292-.511 .328-.483
.42 166-.601 .248-.557 .302-.520 .338-.493
.43 175-.609 .258-.566 .312-.530 .348-.502
.44 185-.618 .268-.575 .322-.539 .359-.512
.45 .195-.626 .279-.583 .333-.548 .369-.521
.46 .204-.634 .289-.592 .343-.557 .380-.530
47 215-.642 | .300-.600 .354-.566 .390-.540
.48 .225-.650 .310-.609 .364-.575 401-.549
.49 .235-.658 321-.617 .375-.584 411-.558
.50 .246-.666 .332-.626 .386-.593 .422-.568

0.000-.027
.004-.043
.009-.057
.016-.070
.022-.083
.029-.095
.037-.107
.045-.119
.052-.131
.061-.142
.069-.154
.077-.165
.086-.176
.094-.187
.103-.198
.112-.209
.121-.220
.130-.230
.139-.241
.148-.251
.157-.262
.167-.272
.176-.283
.185-.293
.195-.303
.204-.314
.214-.324
.223-.334
.233-.344
.243-.354
.253-.364
.262-.374
.272-.384
.282-.394
.292-.404
.302-.414
312-.424
.322-.433
.332-.443
.342-.453
.353-.463
.363-.472
.373-.482
.384-.492
.394-.501
.404-.511
.415-.520
.425-.530
.435-.539
.446-.549

512

0.002-.022
.008-.036
.015-.049
.022-.061
.030-.073
.038-.085
.046-.096
.054-.108
.063-.119
.072-.130
.080-.141
.089-.152
.098-.163
.107-.173
.117-.184
.126-.195
.135-.205
.144-216
.154-.226
.163-.237
.173-.247
.182-.257
.192-.268
.201-.278
.211-.288
.221-.298
.230-.308
.240-.318
.250-.329
.260-.339
.270-.349
.280-.359
.290-.369
.300-.379
.309-.389
.319-.398
.330-.408
.340-.418
.350-.428
.360-.438
.370-.448
.380-.458
.390-.467
.401-.477
.411-.487
.421-.496
.431-.506
442-.516
.452-.525
.462-.535

l 1024

0.004-.018
.011-.031
.019-.043
.027-.055
.035-.066
044-.077
.053-.088
.062-.099
.071-.110
.080-.121
.089-.132
.098-.142
.107-.153
117-.164
.126-.174
.136-.184
.145-.195
.155-.205
.164-.216
.174-.226
.184-.236
.193-.246
.203-.257
.213-.267
.223-.277
.232-.287
.242-.297
.252-.307
.262~.317
.272-.327
.282-.338
.292-.348
.302-.358
312-.367
.322-.377
.332-.387
.342-.397
.352~.407
.362-.417
.372-.427
.382~.437
.392-.447
.402-.457
.412~.466
.423-.476
.433-.486
.443-.496
.453-.506
.463-.515
.474-.525

I 2048

0.005-.016
.013-.028
.022-.039
.031-.050
.039-.061
.048-.072
.058-.083
.067-.094
.076-.104
.086-.115
.095-.125
.104-.136
.114-.146
124-.157
.133-.167
.143-.177
.152-.188
.162-.198
172-.208
.182-.218
.191-.229
.201-.239
.211-.249
.221-.259
.231-.269
.240-.279
.250-.289
.260-.299
.270-.309
.280-.320
.290-.330
.300-.340
.310-.350
.320-.360
.330-.370
.340-.379
.350-.369
.360-.399
.370-.409
.380-.419
.390-.429
.400-.439
410-.449
421-.459
431-.469
441-.479
451-.488
.461-.498
.471-.508
.481-.518

I 4096

0.007-.014
.015-.025
.024-.036
.033-.047
.042-.058
.052-.069
.061-.079
.071-.090
.080-.100
.090-.110
.099-.121
.109-.131
.119-.141
.128-.152
.138-.162
.148-.172
.158-.182
.167-.193
.177-.203
.187-.213
.197-.223
.207-.233
.217-.243
.226-.253
.236-.264
.246-.274
.256-.284
.266-.294
.276-.304
.286-.314
.296-.324
.306-.334
.316-.344
.326-.354
.336-.364
.346-.374
.356-.384
.366-.394
.376-.404
.386-.414
.396-.424
.406-.434
.416-.443
.426-.453
.436-.463
.447-.473
.457-.483
.467-.493
.477-.503
.587-.513




TABLE I. - Continued.

(a) Concluded

Measured Number of samples, N
coherence —
16 32 64 l 128 256 512 I 1024 I 2048 4096
Confidence limits
0.51 0.257-.673 | 0.343-.634 | 0.397-.602 | 0.432-.577 | 0.456-.558 | 0.473-.545 | 0.484-.535 | 0.492-.528 | 0.497-.523
.52 .268-.681 .354-.642 .408-.610 .443-.586 .467-.568 .483-.554 .494-.544 .502-.537 .507-.532
.53 .279-.689 .365-.651 .419-.619 .454-.595 .477-.577 .493-.564 .504-.554 .512-.547 517-.542
.54 .290-.696 .376-.659 .430-.628 .465-.604 .488-.586 .504-.573 .515-.564 .522-.557 .528-.552
.55 .302-.704 .387-.667 .441-.637 .475-.613 .499-.596 .514-.583 .525-.574 .532-.567 .538-.562
.56 .313-.711 .399-.675 .452-.645 .486-.622 .509-.605 .525-.592 .535-.583 .543-.577 .548-.572
57 .325-.719 411-.683 .463-.654 .497-.631 .520-.614 .535-.602 .546-.593 .553-.586 .558-.582
.58 .337-.726 422-.691 474-.662 .508-.640 .530-.624 .546-.611 .556-.603 .563-.596 .568-.591
.59 .350-.734 .434-.699 .486-.671 .519-.649 .541-.633 .556-.621 .566-.612 .573-.606 .578-.601
.60 .362-.741 .446-.707 .497-.680 .530-.658 .552-.642 .567-.630 .577-.622 .584-.616 .589-.611
.61 .375-.748 .458-.715 .509-.688 .541-.667 .563-.652 .577-.640 .587-.631 .594-.625 .599-.621
.62 .387-.755 470-.723 .520-.697 .552-.676 .573-.661 .588-.649 .598-.641 .604-.635 .609-.631
.63 .400-.762 .482-.731 .532-.705 .563-.685 .584-.670 .598-.659 .608-.651 .615-.645 .619-.640
.64 413-.770 .494-.739 .543-.713 .575-.694 .595-.679 .609-.668 .618-.660 .625-.654 .629-.650
.65 427-.777 .507-.747 .555-.722 .586-.703 .606-.688 .619-.678 .629-.670 .635-.644 .640-.660
.66 440-.784 .519-.754 .567-.730 .597-.712 .617-.697 .630-.687 .639-.679 .645-.674 .650-.670
.67 454-.791 .532-.762 .579-.739 .608-.720 .628-.707 .641-.696 .650-.689 .656-.684 .660-.680
.68 467-.798 .545-.770 .591-.747 .620-.729 .639-.716 .651-.706 .660-.699 .666-.693 .670-.689
.69 481-.804 .557-.777 .603-.755 .631-.738 .650-.725 .662-.715 .671-.708 .676-.703 .680-.699
.70 496-.811 .570-.785 .615-.763 .642-.747 .661-.734 .673-.725 .681-.718 .687-.713 .691-.709
71 510-.818 .583-.792 .627-772 .654-.755 .672-.743 .683-.734 .692-.727 .697-.722 .701-.719
.72 524-.825 .596-.800 .639-.780 .665-.764 .683-.752 .694-.743 .702-.737 .707-.732 711-.728
.73 539-.831 .610-.808 .651-.788 .677-.773 .694-.761 .705-.752 .713-.746 718-.742 .721-.738
.74 554-.838 .623-.815 .663-.796 .688-.781 .705-.770 .716-.762 .723-.756 .728-.751 .732-.748
.75 569-.845 .636-.822 .675-.804 .700-.790 .716-.779 .726-.771 .734-.765 .739-.761 .742-.758
.76 584-.851 .650-.830 .688-.812 712-.799 .727-.788 .737-.780 .744-775 .749-.770 .752-.767
.77 599-.858 .663-.837 .700-.820 .723-.807 .738-.797 .748-.790 .755-.784 .759-.780 .763-.777
.78 615-.864 .677-.845 .713-.828 .735-.816 .749-.806 .759-.799 .765-.794 .770-.790 .773-.787
.79 631-.871 .690-.852 .725-.836 .747-.824 .760-.815 .770-.808 .776-.803 .780-.799 .783-.797
.80 646-.877 .704-.859 .738-.844 .758-.833 .772-.824 .780-.817 .786-.812 .791-.809 .793-.806
.81 662-.884 .718-.867 .750-.852 .770-.841 .783-.833 .791-.827 .797-.822 .801-.819 .804-.816
.82 679-.890 .732-.874 .763-.860 .782-.850 .794-.842 .802-.836 .808-.831 .811-.828 .814-.826
.83 695-.897 .746-.881 .776-.868 .794-.858 .805-.851 .813-.845 .818-.841 .822-.838 .824-.836
.84 712-.903 .761-.888 .789-.876 .806-.867 .817-.860 .824-.854 .829-.850 .832-.847 .835-.845
.85 728-.909 .775-.895 .801-.884 .818-.875 .828-.868 .835-.863 .839-.860 .843-.857 .845-.855
.86 745-.915 .789-.903 .814-.892 .830-.884 .839-.877 .846-.873 .850-.869 .853-.866 .855-.865
.87 762-.922 .804-.910 .827-.900 .841-.892 .851-.886 .857-.882 .861-.878 .864-.876 .865-.874
.88 780-.928 .818-.917 .840-.908 .853-.901 .862-.895 .868-.891 .871-.888 .874-.886 .876-.884
.89 797-.934 .833-.924 .853-.915 .866-.909 .873-.904 .879-.900 .882-.897 .884-.895 .886-.894
.90 815-.940 .848-.931 .866-.923 .878-.917 .885-.913 .890-.909 .893-.907 .895-.905 .896-.903
.91 832-.946 .862-.938 .879-.931 .890-.926 .896-.921 .901-.918 .903-.916 .905-.914 .907-.913
.92 850-.952 .877-.945 .893-.939 .902-.934 .908-.930 .912-,927 .914-.925 .916-.924 .917-.923
.93 868-.958 .892-.952 .906-.946 .914-,942 .919-.939 .923-.937 .925-.935 .926-.933 .927-.932
.94 887-.964 .908-.959 .919-.954 .926-.951 .931-.948 .934-.946 .936-.944 .937-.943 .938-.942
.95 905-.970 .923-.966 .933-.962 .938-.959 .942-.956 .945-.955 .946-.953 .947-.952 .948-.952
.96 924-.976 .938-.973 .946-.970 .951-.967 .954-.965 .956-.964 .957-.963 .958-.962 .959-.961
.97 943-.982 .953-.979 .959-.977 .963-.975 .965-.974 .967-.973 .968-.972 .968-.971 .969-.971
.98 .961-.988 .969-.986 .973-.985 .975-.984 .977-.983 .978-.982 .978-.981 .979-.981 .979-.981
.99 981-.994 .984-.993 .986-.992 .988-.992 .988-.991 .989-.991 .989-.991 .989-.990 .990-.990




TABLE I. - Continued.

(b) On coherence output power spectrum computed by means of coherence function measured with average of N samples

Number of samples, N

128 | 256 512

Confidence level, dB

-13.3/+4.4 | -6.8/+.3.4

-6.8/+3.3 | 41/425

Measured
coherence T
16 l 32 64 I

0.01
.02
.03
.04
.05 -10.8/+3.7
.06 -8.9/+3.4
.07 -7.7/+3.2
.08 -6.8/+3.0
0 R -12.4/+3.6 | -6.1/+2.8
B0 R B -10.8/+3.4 | -5.6/+2.7
11 9.7/+3.3 | -5.2/+2.5
12 -8.8/+3.1 | -4.8/+2.4
.13 -8.1/+3.0 | -4.5/+2.3
A4 ] e -7.5/+29 | -42/+2.2
.15 -16.6/+3.5| 7.0/+.2.8 | -4.0/+2.1
.16 -14.8/+3.3| -6.5/+2.7 | -3.8/+2.1
17 -13.4/+3.2| -6.2/+2.6 | -3.6/+2.0
.18 -12.2/+3.1| -5.8/+2.5 | -3.4/+1.9
.19 -11.3/+3.0| -5.5/+2.4 | -3.3/+1.8
.20 -10.5/+29 | -5.2/+23 | -3.1/+1.8
21 9.9/+28| -5.0/+22 | -3.0/+1.7
.22 -9.3/+2.7]| -4.8/+2.2 | -2.9/+1.7
.23 -8.8/+2.71 -4.6/+2.1 | -2.7/+1.6
.24 -8.3/+26| -44/4+2.0 | -2.6/+1.6
.25 -7.9/+2.5| -4.2/42.0 | -2.5/+1.5
.26 -7.5/+2.4] -40/+19 | -24/+1.5
.27 -7.2/+241 -3.9/+19 | -24/+1.4
.28 -6.8/+23| -3.7/+1.8 | -2.3/+1.4
.29 -6.6/+2.2| -3.6/+1.7 | -2.2/+1.3
.30 -6.3/+2.2} -3.5/+1.7 | -2.1/+1.3
31 -6.0/+2.1 -3.3/+1.7 | -2.1/+1.3
.32 -5.8/+2.0 -3.2/+1.6 | -2.0/+1.2
.33 -5.6/+2.0( -3.1/+1.6 | -1.9/+1.2
.34 -5.4/+19| -3.0/+1.5 | -1.9/+1.2
.35 -5.2/+19| -29/+1.5 { -1.8/+1.1
.36 -5.0/+1.8] -2.8/+1.4 | -1.7/+1.1
.37 4.8/+1.8( -2.7/+1.4 | -1.7/+1.1
.38 -4.6/+1.7| -2.6/+1.4 | -1.6/+1.0
.39 -4.5/+1.7| -2.6/+1.3 | -1.6/+1.0
.40 -4.3/+1.6| -2.5/+1.3 | -1.5/+1.0
41 -42/+16| -24/+13 § -1.5/+1.0
.42 -4.0/+1.6| -2.3/+1.2 | -1.4/4+0.9
.43 -3.9/+1.5] -22/+1.2 | -1.4/4+0.9
.44 -3.8/+1.54 -2.1/+1.2 | -1.47/+0.9
.45 -3.6/+14 | -2.1/+1.1 | -1.3/+0.9
.46 -3.5/+14} -2.0/+1.1 | -1.3/+0.8
47 -3.4/+14) -20/+1.1 | -1.2/4+0.8
.48 -3.3/+13] -1.9/+1.0 { -1.2/+0.8
.49 -3.2/+13] -1.8/+1.0 | -1.2/+0.8
.50 3.0/+1.2] -1.8/+1.0 | -1.1/+0.7

10

-8.9/+3.6 | -50/+2.8 | -3.1/7+2.1
-6.9/+3.2 | -41/+2.4 | -2.6/+1.8
-5.7/42.9 | -3.5/+2.2 | -23/+1.6
-5.0/+2.7 | -3.1/+42.0 | -2.0/+1.5
-44/+25 | -2.8/+1.9 | -1.8/+1.4
-4.0/+2.3 -2.5/+1.7 | -L7/+1.3
-3.7/42.2 | 23/+1.6 | -1.6/+1.2
-3.4/+2.0 | -22/+1.5 | -1.47+1.1
-3.2/+19 1 -20/+1.5 | -1.4/+1.1
3.0/+18 1 -1.9/+1.4 | -1.3/+1.0
-2.8/+1.8 | -1.8/+1.3 | -1.2/+1.0
2.6/+1.7 | -1.7/+1.3 | -1.2/+0.9
2.5/+16 | -1.6/+1.2 | -1.1/+0.9
24/+16 | -1.6/+1.2 | -1.0/+0.9
-2.3/+1.5 | -1.5/+1.1 | -1.0/+0.8
22/+14 ] -1.4/+1.1 | -1.0/+0.8
2.1/+14 ( -1.4/+1.0 | -0.9/+0.8
-2.0/+1.3 | -1.3/+1.0 | -0.9/+0.7
-1.9/+1.3 | -1.3/+1.0 | -0.9/+0.7
-1.8/+13 | -1.2/+0.9 | -0.8/+0.7
-1.8/+1.2 | -1.2/+0.9 | -0.8/+0.7
-1.7/+1.2 | -1.1/+0.9 | -0.8/+0.6
-1.6/+1.1 | -1.1/+0.8 | -0.7/+0.6
-1.6/+1.1 | -1.0/+0.8 | -0.7/+0.6
-1.5/+1.1 | -1.0/+0.8 | -0.7/+0.6
-1.5/+1.0 | -1.0/+0.8 | -0.7/+0.6
-1.4/+1.0 | -0.9/+0.7 | -0.6/+0.5
-1.4/+1.0 | -0.9/+0.7 | -0.6/+0.5
-1.3/+0.9 | -0.9/+0.7 | -0.6/+0.5
-1.3/+09 | -0.9/+0.7 | -0.6/+0.5
-1.2/+09 | -0.8/+0.7 | -0.6/+0.5
-1.2/+09 | -0.8/+0.6 | -0.6/+0.5
-1.2/+0.8 | -0.8/+0.6 | -0.5/+0.5
-1.1/4+0.8 | -0.8/+0.6 | -0.5/+0.4
-1.1/+0.8 | -0.7/+0.6 | -0.5/+0.4
-1.1/7+0.8 | -0.7/+0.6 | -0.5/+0.4
-1.0/4+0.8 } -0.7/+0.6 | -0.5/+0.4
-1.0/4+0.7 | -0.7/+0.5 | -0.5/+0.4
-1.0/40.7 | -0.7/+0.5 | -0.4/+0.4
-0.9/+0.7 | -0.6/+0.5 | -0.4/+0.4
-0.9/+0.7 | -0.6/+0.5 | -0.4/+0.4
-0.9/+0.7 | -0.6/+0.5 | -0.4/+0.4
-0.9/+0.6 | -0.6/+0.5 | -0.4/+0.3
-0.8/+0.6 | -0.6/+0.5 | -0.4/+0.3
-0.8/+0.6 | -0.5/+0.4 | -0.4/+0.3
-0.8/+0.6 | -0.5/+0.4 | -0.4/+0.3
-0.8/+0.6 | -0.5/+0.4 | -0.4/+0.3
-0.7/+0.6 | -0.5/+0.4 | -0.3/+0.3

I 1024 l 2048

-4.1/+2.6
-2.6/+1.9
2.1/+1.6
-1.7/+1.4
-1.5/+1.2
-1.4/7+1.1
-1.2/+1.0
-1.17/+0.9
-1.1/+0.9
-1.0/+0.8
-0.9/+0.8
-0.9/+0.7
-0.8/+0.7
-0.8/+0.7
-0.7/ +0.6
-0.7/+0.6
-0.7/+0.6
-0.7/+0.6
-0.6/+0.5
-0.6/+0.5
-0.6/+0.5
-0.6/+0.5
-0.5/+0.5
-0.5/+0.5
-0.5/+0.4
-0.5/+0.4
-0.5/+0.4
-0.5/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.3
-0.4/4+0.3
-0.4/+0.3
-0.4/+0.3
-0.3/4+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.2

—

-2.6/+1.9
-1.8/+1.4
-1.4/7+1.1
-1.2/+1.0
-1.0/+0.9
-0.9/+0.8
-0.8/+0.7
-0.8/+0.7
-0.7/+0.6
-0.7/+0.6
-0.6/+0.6
-0.6/+0.5
-0.6/+0.5
-0.5/+0.5
-0.5/+0.5
-0.5/+0.4
-0.5/+0.4
-0.5/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.3/4+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/4+0.3
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/4+0.2

I 4096

-1.8/+1.4
-1.2/7+1.0
-1.0/+0.8
-0.8/+0.7
-0.7/+0.6
-0.6/+0.6
-0.6/+0.5
-0.5/+0.5
-0.5/+0.5
-0.5/+0.4
-0.4/ +0.4
-0.4/+0.4
-0.4/+0.4
-0.4/+0.3
-0.4/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+4+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.37/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/4+0.2
-0.2/+0.1
-0.2/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.17+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.17/+0.1
-0.1/+0.1
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-3.0/+1.2
-2.9/+1.2
-2.8/+1.1
2.7/ +1.1
-2.6/+1.1
-2.5/+1.0
-2.4/+1.0
-2.4/4+1.0
-2.3/+0.9
-2.2/+0.9
-2,1/4+0.9
-2.0/+0.9
-2.0/+0.8
-1.9/+0.8
-1.8/+0.8
-1.8/+0.7
-1.7/40.7
-1.6/+0.7
-1.6/+0.7
-1.5/+0.6
-1.4/+0.6
-1.4/+0.6
-1.3/+0.6
-1.3/+40.5
-1.2/+0.5
-1.1/+0.5
-1.1/+0.5
-1.0/+0.4
-1.0/+0.4
-0.9/+0.4
-0.9/+0.4
-0.8/+0.4
-0.8/+0.3
-0.7/+0.3
-0.7/+0.3
-0.6/+0.3
-0.6/+0.3
-0.5/+0.2
-0.5/+0.2
-0.4/+0.2
0.4/+0.2
-0.3/+0.2
-0.3/+0.1
-0.3/+0.1
-0.2/+0.1
-0.2/+0.1
-0.1/+0.1
-0.1/+0.0
-0.0/+0.0

32

-1.7/+0.9
-1.7/+0.9
-1.6/+0.9
-1.6/+0.9
-1.5/+0.8
-1.5/+0.8
-1.4/+0.8
-1.4/+0.8
-1.3/+0.7
-1.3/+0.7
-1.2/+0.7
-1.2/+0.7
-1.2/+0.6
-1.1/+40.6
-1.1/+0.6
-1.0/+0.6
-1.0/+0.6
-1.0/+0.5
-0.9/+0.5
-0.9/+0.5
-0.9/+0.5
-0.8/+0.5
0.8/+0.4
-0.7/+0.4
-0.7/+0.4
-0.7/+0.4
-0.6/+0.4
-0.6/+0.3
-0.6/+0.3
-0.6/+0.3
-0.5/+0.3
0.5/+0.3
-0.5/+0.3
-0.4/+0.2
-0.4/+0.2
-0.4/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.1
0.2/ +0.1
-0.2/+0.1
-0.2/+0.1
-0.2/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.0
0.0/ +0.0
-0.0/ +0.0

-1.1/+0.7
-1.1/+0.7
-1.0/ +0.7
-1.0/4+0.7
-1.0/+0.6
-0.9/4+0.6
-0.9/+0.6
0.9/ +0.6
-0.8/+0.6
-0.8/+0.5
-0.8/+0.5
-0.8/+0.5
-0.7/+0.5
-0.7/40.5
-0.7/+0.5
-0.7/+0.4
-0.6/+0.4
-0.6/+0.4
-0.6/+0.4
-0.6/+0.4
-0.5/+0.4
-0.5/+0.3
0.5/+0.3
-0.5/4+0.3
-0.5/+0.3
0.4/+0.3
-0.4/+0.3
-0.4/4+0.3
-0.4/+0.2
-0.4/+0.2
-0.3/+0.2
0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.1
-0.2/+0.1
-0.2/+0.1
-0.2/+0.1
0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0

TABLE I. - Concluded.

(b) Concluded

Number of samples, N

I 128

l 256

Conﬁdenée level, dB

-0.7/+0.5
0.7/+0.5
-0.7/+0.5
0.7/ +0.5
-0.6/+0.5
-0.6/+0.5
0.6/+0.4
-0.6/ +0.4
-0.6/+0.4
0.5/+0.4
-0.5/+0.4
0.5/+0.4
-0.5/+0.4
0.5/+0.4
-0.5/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.47/+0.3
-0.4/+0.3
-0.3/+0.3
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.1
-0.2/+0.1
-0.2/+0.1
-0.2/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.0
-0.1/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0

-0.5/+0.4
-0.5/+0.4
-0.5/+0.4
-0.4/+0.4
0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.4/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.3
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.3/+0.2
-0.2/+0.2
-0.2/+0.2
-0.27/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+0.2
-0.2/+40.1
-0.2/+0.1
-0.2/ +0.1
-0.1/+0.1
0.1/ +0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
-0.1/+0.1
0.1/+0.1
-0.1/+0.0
-0.1/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0
-0.0/+0.0

r 512 I 1024 2048 4096
-0.3/+0.3 |-0.2/+0.2 | -0.2/+0.1 | -0.1/+0.1
-0.3/+0.3 |-0.2/+0.2 | -0.2/+0.1 |-0.1/+0.1
-0.3/+0.3 |-0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.3/+0.3 |-0.2/+0.2 | -0.1/+0.1 | -0.1/+0.1
0.3/+0.3 |-0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.3/+0.2 |-0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.3/+0.2 | -0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.3/+0.2 | 0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.3/+0.2 |-0.2/+0.2 { -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 1-0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 |-0.2/+0.2 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 |-0.2/+0.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 |-0.2/+0.1 | -0.1/+0.1 |-0.1/+0.1
0.2/+0.2 {-0.1/+0.1 | -0.1/+0.1 ]-0.1/+0.1
-0.2/+0.2 |-0.1/+0.1 | -0.1/4+0.1 |-0.1/+0.1
-0.2/+02 |-0.1/+0.1 j-0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 |-0.1/+0.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 [-0.1/+0.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.2 |-0.1/+0.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.1 |-0.1/40.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.1 |-0.1/+0.1 | -0.1/+0.1 |-0.1/+0.1
-0.2/+0.1 |-0.1/+0.1 | -0.1/+0.1 |[-0.1/+0.1
0.2/+0.1 ]10.1/+0.1 | -0.1/+0.1 |-0.1/+0.0
-0.1/+0.1 |-0.1/+0.1 | -0.1/+0.1 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 | -0.1/+0.1 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 | -0.1/+0.1 }-0.0/+0.0
-0.1/+0.1 {-0.1/+0.1 |-0.1/+0.1 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 | -0.1/+0.1 |-0.0/+0.0
-0.1/+0.1 |-0.1/4+0.1 {-0.1/+0.1 ]-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 | -0.1/+0.0 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 |-0.1/40.1 | -0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 |-0.1/+0.1 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 {-0.1/40.0 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 [-0.1/+0.0 |-0.0/+0.0 }-0.0/+0.0
-0.1/+0.1 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.1 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.1/+0.0 |-0.0/+0.0 | -0.0/+0.0 |-0.0/+0.0
-0.1/+0.0 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.0/+0.0 }-0.0/+0.0 |-0.0/+0.0 ]-0.0/+0.0
-0.0/+0.0 }-0.0/+0.0 |-0.0/+0.0 }-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.0/+0.0 {-0.0/+0.0 }-0.0/+0.0 |-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0 }-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 {-0.0/+0.0 }-0.0/+0.0
-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0 |-0.0/+0.0
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Figure 1. - Coherence trends with bandwidth.
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Figure 3. - Spectrum of fan speed signal showing shaft rate harmonics.
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Figure 4. - Total and coherent power spectra at 50 percent of design speed.
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Figure 7. -~ Total and coherent power spectra at 80 percent of design speed.

Operation Speed,

rpm
O Baseline 16 7%
o
o Inflow control 16 493}1' tal
& Baseline 16 7%}
o Inflow control 16 493 Coherent
140 —— [ ’ o
130 4 l
* |
120 . ]
iy
110 ll
-1 i
100 ——— + i m
i al k | ,“ | T
90 +— ‘ i w
00— 4 8 12 16 2 ) !

Frequency, kHz

Figure 8. - Total and coherent power spectra at 90 percent of design

%‘

fl

2

speed,

T A



Relative sound power level, dB

O Inflow control
O Coherent baseline

S5 b— A Infiow contro! and
coherent processing
_20 | 1 | 1 1 |

50 55 60 65 70 75 80 85 90
Speed, percent of design

Figure 9. - QF-12 sound power levels of BPF tone for inflow control and coherent baseline
relative to baseline - survey microphone.
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Figure 12, - Blade-passing-frequency tone directivity at 60 percent of design speed.
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Figure 14, - Blade-passing-frequency tone directivity at 80 percent of design speed.
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Figure 15, - Blade-passing-frequency tone directivity at 90 percent of design speed.
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Figure 16, - Blade-passing-frequency distribution for similar runs showing 90 percent confidence
limits, Speed, 90 percent of design; survey microphone; baseline condition.
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Figure 17. - Time history of baseline coherent BPF tone at 90 percent of design speed.
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percent of design; fixed microphones; baseline condition,
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Figure 19. - Time history of baseline coherent blade-passing-frequency tone at 50 percent of design speed.
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